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1 Animals have various food preferences, and many
of them are herbivores, obtaining energy and nutrients
from plant material. Two aspects of herbivore diet have
always been of interest: cellulose digestion, since her�
bivores do not have enzymes for cellulose breakdown
[1], and protein synthesis, since plants are low in pro�
teins. Ruminants, such as cattle, rely on symbiotic
microflora for cellulose digestion and utilize microbial
protein synthesized in a special part of their four�
chambered stomach called rumen [2]. Protein synthe�
sis in the rumen is a complex process which involves
organisms belonging to Bacteria, Protozoa and Fungi
[3]. During this process, dietary protein and non�pro�
tein nitrogen are converted to ammonia and amino
acids by microbes, which use these compounds to syn�
thesize bacterial protein, partly transformed by rumi�
nants into the body tissue protein and partly excreted
with faeces [4].

Termites feed on various substrates, including
wood, which is as much as 50 per cent cellulose [5],

1 The article is published in the original.
2 Corresponding author; e�mail: alegrria@gmail.com

soil [6] and plant litter, as well as fungi cultivated in
fungal gardens for further consumption. Cellulose
consumed by the termites is usually broken by either
cellulolytic protozoa, or by endogenous cellulases [7].
Symbiotic microflora of the termites provides them
with nitrogen by means of nitrogen fixation, since ter�
mites’ diet is usually very poor in this essential nutrient
[8]. Diazotrophic symbionts of the termites are quite
diverse and mostly belong to Bacteria [9] and metha�
nogenic Archaea [10].

Mammalian herbivores face several challenges
when consuming plant material as a primary food
source. An order of mammals, known as Lagomorpha
and comprising hares, rabbits, and pikas, combines
the feeding mechanisms of ruminants and termites.
Lagomorphs feed on grass and tree branches, but they
have no rumen for fermentation purposes. Representa�
tives of all families of Lagomorpha were shown to get
protein into diet by means of caecotrophy, a form of co�
prophagy [11]. Lagomorphs have two types of faeces–
solid faeces containing undigested food and soft fae�
ces, rich in bacterial protein [12]. These mammals
consume soft faeces, thus supplying their bodies with

Diversity of Diazotrophic Gut Inhabitants of Pikas (Ochotonidae) 
Revealed by PCR�DGGE Analysis1 

A. K. Kizilova2 and I. K. Kravchenko
Winogradsky Institute of Microbiology, Russian Academy of Sciences, Moscow, Russia

e�mail: alegrria@gmail.com
Received March 18, 2013

Abstract—Diazotrophic gut symbionts are considered to act as nitrogen providers for their hosts, as was
shown for various termite species. Although the diet of lagomorphs, like pikas or rabbits, is very poor in ni�
trogen and energy, their fecal matter contains 30–40% of protein. Since our hypothesis was that pikas main�
tained a diazotrophic consortium in their gastrointestinal tract, we conducted the first investigation of micro�
bial diversity in pika guts. We obtained gut samples from animals of several Ochotona species, O. hyperborea
(Northern pika), O. mantchurica (Manchurian pika), and O. dauurica (Daurian pika), in order to retrieve and
compare the nitrogen�fixing communities of different pika species. The age and gender of the animals were
taken into consideration. We amplified 320�bp long fragments of the nifH gene using the DNA extracted di�
rectly from the colon and cecum samples of pika’s gut, resolved them by DGGE, and performed phylogenetic
reconstruction of 51 sequences obtained from excised bands. No significant difference was detected between
the nitrogen�fixing gut inhabitants of different pika species. NifH sequences fell into two clusters. The first
cluster contained the sequences affiliated with NifH Cluster I (Zehr et al., 2003) with similarity to Sphin�
gomonas sp., Bradyrhizobium sp., and various uncultured bacteria from soil and rhizosphere. Sequences from
the second group were related to Treponema sp., Fibrobacter succinogenes, and uncultured clones from the
guts of various termites and belonged to NifH Cluster III. We suggest that diazotrophic organisms from the
second cluster are genuine endosymbionts of pikas and provide nitrogen for further synthesis processes thus
allowing these animals not to be short of protein.

Keywords: nifH, nitrogen fixation, pikas, Ochotona, gut microflora

DOI: 10.1134/S0026261714010068

EXPERIMENTAL 
ARTICLES



MICROBIOLOGY  Vol. 83  No. 3  2014

DIVERSITY OF DIAZOTROPHIC GUT INHABITANTS OF PIKAS 289

protein. The dry substance of soft faeces of hares was
shown to contain up to 39% of protein [13]; for rabbits
this value was lower—up to 32%. The estimated pro�
tein content in the food of these animals is between 6
and 13%. Pikas appear to be much more efficient di�
gesters of low�nutrient and low�protein food. They eat
legumes and tree branches, which are 2–14 times less
rich in protein than their soft faeces that contained
41–48% of protein [13].

Since the staple food of pikas is extremely poor in
nitrogen, these animals probably obtain additional ni�
trogen by ways similar to those of the termites, i.e. via
the symbiotic nitrogen fixation. Although the idea of
symbionts involved in nitrogen utilization by herbivo�
rous mammals has appeared earlier in the literature
[14], nothing is currently known about the organisms
inhabiting pika’s gut and fixing nitrogen for further uti�
lization of this essential nutrient for protein synthesis.
In this study, we concentrated on the diversity of the
nifH gene encoding nitrogenase reductase found in the
intestines of several species of Ochotonidae family—
Ochotona hyperborea, O. mantchurica, and O. dauuri�
ca. NifH is the marker gene which encodes a compo�
nent of the evolutionary conserved key enzyme, re�
sponsible for the process of atmospheric nitrogen fixa�
tion. It is widely used for assessing the diversity of
nitrogen�fixing communities in various habitats [15]. 

MATERIALS AND METHODS

Sample preparation. All gut samples were obtained
at the Faculty of Biology of the Lomonosov Moscow
State University. Two individuals of northern pikas
Ochotona hyperborea, young male and female were
collected during field work of 2009 and 2010 in Za�
baykalsky Krai, Transbaikalia, Russia. One Manchuri�
an pika Ochotona mantchurica scorodumovi [16] also

originated from Transbaikalia. The gender of this pika
was unknown. Two Daurian pikas Ochotona dauurica
(a very young male and a sub�adult female) arrived to
MSU after fieldwork of 2010 in the Daursky State
Natural Biosphere Reserve Park, Siberia, located be�
tween two large lakes, Barun�Torey and Zun�Torey.
For each animal, except for Manchurian pika, sam�
ples for analysis were taken from back end of the ce�
cum, initial portion of the colon immediately distal to
the cecum, and the distal colon, and tissue samples
were stored in ethanol�containing buffer prior to anal�
ysis. For Manchurian pika, only the cecum sample was
obtained. Food remains were not removed from the
guts before DNA extraction.

DNA extraction and PCR amplification. DNA was
extracted from the samples of pika intestines in 2010
and 2011 by means of Power Soil DNA Extraction Kit
(MO BIO, United States) according to the manufac�
turer’s recommendations with an obligate bead�beat�
ing step. Extracted DNA was used for PCR amplifica�
tion of nifH gene. PCR was run in triplicates, and the
products were pooled prior to further analysis. We test�
ed several primer systems for nifH gene amplification,
running PCR according to the authors’ recommenda�
tions (Table 1), until obtaining a PCR product of ex�
pected size with PolF�PolR primers [17]. We used
nested PCR approach, when a product of the first am�
plification round was used as a template for the second
amplification round with primers Pol FI/AQER�
GC30 [18]. Bradyrhizobium japonicum was chosen as a
positive control strain for nifH amplification for both
rounds of PCR. The primer AQER�GC30 had a GC�
clamp attached to its 5' end for further separation of
amplification products by means of denaturing gradi�
ent gel electrophoresis (DGGE) [19]. The PCR mix�
ture for both amplification steps contained 1× PCR

Table 1. Sequences of primers used in this study

Primer Primer sequence (5'�3') Target microbes Reference

F1 TAYGGIAARGGIGGIATIGGIAARTC N�fix Bacteria and Archea [37]

R6 GCCATCATYTCICCIG N�fix Bacteria and Archea [37]

nifHfor TAYGGNAARGGNGGHATYGGYATC N�fix Bacteria [38]

nifHrev ATRTTRTTNGCNGCRTAVABBGCCATCAT N�fix Bacteria [38]

nifH�f GGHAARGGHGGHATHGGNAARTC N�fix Bacteria [39]

nifH�r GGCATNGCRAANCCVCCRCANAC N�fix Bacteria [39]

PolF TGCGAYCCSAARGCBGACTC N�fix Bacteria [17]

PolR ATSGCCATCATYTCRCCGGA N�fix Bacteria [17]

PolFI TGCGAICCSAAIGCIGACTC N�fix Bacteria [18]

AGER�
GC30

CGCCCGCCGCGCCCCGCGCCCGGCCCG
CCCGACGATGTAGATYTCCTG N�fix Bacteria [18]

nifH�F AAAGGYGGWATCGGYAARTCC ACC AC N�fix Bacteria [40]

nifH�R TTGTTSGCSGCRTACATSGCCATCAT N�fix Bacteria [40]

Modied bases: I = Inosine, Y = CT, S = CG, R = AG, B = GCT, W = AT; N = ACGT; H = ACT.
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buffer (17 mM (NH4)SO4, 67 mM Tris�HCl, pH 8.8,
2 mM MgCl2, Helicon, Russia), 0.5 mM of each
dNTP, 25 pmol of the forward and reverse primers,
1 μL of DNA template, 20 mg of bovine serum albu�
min (Fermentas, Canada), 5% of dimethyl sulfoxide
(DMSO) and 1.25 U of Taq DNA polymerase (Heli�
con, Russia). The temperature protocol for both
rounds of nifH amplification was as follows: 15 min of
initial denaturation at 95°С, followed by 30 cycles of
94°C for 1 min, 55°C for 1 min, and 72°C for 1 min.
The final extension step was performed at 72°C for
10 min. Amplification was performed on MyCycler
thermocycler (BioRad, United States). Amplification
products were checked by electrophoresis in 1.2% aga�
rose gel, stained by ethydium bromide.

DGGE analysis and sequencing. Denaturing gradi�
ent gel electrophoresis (DGGE) was performed on a
D�Code Universal Mutation Detection System (Bio�
Rad, United States) at a constant temperature of 60°С
and constant voltage of 100 V for 16 h with a 40–65%
range of denaturing agents (formamide and urea). Af�
ter electrophoresis the gel was stained with ethydium
bromide for 30 min and washed in sterile distilled wa�
ter for the same amount of time as staining. The most
distinct bands were excised, and DNA was eluted from
the gel by soaking in sterile MQ water for at least 24 h
at 4°С. Eluted DNA was used for reamplification with
the primers PolFI and AQER without GC clamp. Am�
plification products were gel�purified by means of the
QIAquick Gel Extraction Kit (Qiagen, Germany) and
sequenced in the Bioengineering Center, Russian
Academy of Sciences with help of Big Dye Terminator
v.3 reagent kit (Applied Biosystems Inc., United
States) and ABI Prism3100 automatic sequencer (Ap�
plied Biosystems Inc., United States).

Phylogenetic analysis. The NifH sequences ob�
tained from the DGGE bands were compared with the

sequences available in the GenBank database using
the Basic Local Alignment Search Tool, BLAST at
the National Center for Biotechnology Information
(NCBI) website (http://www.ncbi.nlm.nih.gov/
BLAST). Nucleotide sequences were aligned and
translated by means of the BioEdit software [20] and
alignments were manually refined. Phylogenetic ana�
lyses were performed by applying neighbor�joining
method using the respective tools implemented in the
TREECON software package [21]. The significance of
the nodes was measured by bootstrap analysis of
100 resamplings.

Nucleotide sequence accession numbers. All NifH
sequences included into phylogenetic reconstruction
in this study are available at GenBank under accession
numbers JN416586−JN416598 and JQ928191−
JQ928230.

RESULTS

Several degenerate nifH�targeted primer systems,
which showed broad specificity in the environmental
studies, were tested (Table 1), until a widely used
primer system PolF/PolR, [17] gave a product of the
expected length with all DNA samples extracted from
the cecum and colon of pikas in the second PCR
round. The nifH gene fragments were retrieved from
the guts of all pika species, no matter whether the ani�
mal was male or female, young or adult. PCR with
other primer pairs either gave non�specic primer bind�
ing resulting in several amplicons, or failed.

Generated PCR products showed stable and repro�
ducible DGGE profiles (Table 2). Examination of
DNA band profiles on the DGGE gel revealed that di�
azotrophic communities of different parts of the gut
produced distinct banding patterns with different elec�
trophoretic positions of the bands (Fig. 1). A wide va�

Table 2. Description of samples resolved on DGGE lanes

Lane ID Organism, gender Age, sampling year Part of gut

om Manchurian pika, unknown Unknown, 2009 Cecum

oh1 Northern pika, male Juvenile, 2009 Cecum

oh2 Northern pika, male Juvenile, 2009 Initial colon

oh3 Northern pika, male Juvenile, 2009 Distal colon

oh4 Northern pika, female Sub�adult, 2010 Cecum

oh5 Northern pika, female Sub�adult, 2010 Initial colon

oh6 Northern pika, female Sub�adult, 2010 Distal colon

od1 Daurian pika, male Juvenile, 2010 Cecum

od2 Daurian pika, male Juvenile, 2010 Initial colon

od3 Daurian pika, male Juvenile, 2010 Distal colon

od4 Daurian pika, female Sub�adult, 2010 Cecum

od5 Daurian pika, female Sub�adult, 2010 Initial colon

od6 Daurian pika, female Sub�adult, 2010 Distal colon
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riety of diazotrophic inhabitants was detected in the
cecum and colon of the pikas. Band patterns for all pi�
ka gut samples showed similar resolution trends with
an average of 6 bands per lane. In total, 75 distinct
bands from 13 lanes were excised, although reamplifi�
cation was successful only for 61 bands from the lanes
where the pika samples were resolved. Since the se�
quencing revealed that the bands with similar electro�
phoretic positions on polyacrylamide gel sometimes
displayed different nucleotide sequence and could not
be identified as the same organism, we have sequenced
all the bands for which reamplification was successful.
We obtained a total of 61 high�quality, chimera�free
sequences for pikas (from 7 to 16 per animal).

The bands with the nucleotide sequences exhibiting
over 95% similarity were designated as operational tax�
onomic units (OTU), which were numbered (Table 3).
BLAST analysis revealed that most sequences demon�
strated low identity with their closest relatives in the
GenBank database, indicating presence of novel un�
cultured species. We excluded from further phyloge�
netic analysis the sequences obtained from the Ochoto�
na mantchurica cecum, due to insufficient informa�
tion for discussion. However, obtaining an
amplification product with nifH�specific primers, as
well as distinct bands after DGGE, make it possible to

suggest that nitrogen�fixing organisms were present in
the intestines of this particular Manchurian pika.

Phylogenetic reconstructions revealed that the
NifH sequences obtained in the study were affiliated
with two distinct clusters (Fig. 2). The first cluster
containing 12 OTUs belonged to NifH Cluster I [22],
comprising the organisms with ‘conventional’ Mo�
containing nifH and some vnfH, which can be found in
a wide variety of environments.These sequences are
distantly related to NifH sequences of the cultured or�
ganisms Sphingomonas sp. KNUC167 (OTU 6) isolat�
ed from wild gramineous crops and Bradyrhizobium sp.
TSA44 (OTU 11) found in rice paddy soil. The major�
ity of the sequences were most similar to those of vari�
ous uncultured bacteria detected in soil, plant rhizo�
sphere, and other natural habitats, like hot springs [23]
or soil under Gymnostoma webbianum, a plant which
was shown to form nitrogen�fixing nodules [24]. No�
tably, organisms of this cluster mostly came from the
colon, and both pika species examined in this study
appeared to harbour them.

The second cluster contained 6 OTUs, which
formed a common group with anaerobic organisms,
distantly related to a well�known cellulose�degrading
organism Clostridium cellulovorans 734B isolated from a
batch methanogenic fermentation of poplar wood [25];
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Fig. 1. DGGE profiles of nifH amplicons from total DNA, extracted from guts of lagomorphs. Reamplification of bands 1, 12,
15, 16, 23, 27, 28, 44, 45, 53, 59, 60, 65, 67 failed. Bands 19−26, belonging to O. mantchurica, were excluded from discussion.
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to Treponema sp. Ru1 isolated from bovine gastrointes�
tinal tract [26]; and Fibrobacter succinogenes S85, a cel�
lulolytic bacterium present in the rumen of cattle [27].
Other representatives of this cluster are diazotrophic
symbionts of various termite species: Coptotermes
gestroi, Mastotermes darwiniensis, Globitermes sul�
phureus [28], Reculitermes speratus [29], and a xylopha�
gous cockroach Cryptocercus punctulatus. This group of
sequences belongs to the Cluster III according to Zehr
et al., [22], consisting of nifH sequences from a diverse
group of distantly related microorganisms many of
which are strict anaerobes, like clostridia.

DISCUSSION

Symbiotic relationships between an animal and
microorganisms that inhabit its gastrointestinal tract
are among most common and interesting characteris�
tics of a digestive system. These organisms include
transient microorganisms and indigenous bacteria,
which develop into relatively stable populations that
can be species�specific [30]. While mammalian herbi�
vores are known to host diverse microbial communi�

ties, microbial ecology of herbivorous rodents has
received little attention thus far. To date, the most
extensive effort to characterize microbial diversity of a
mammalian gastrointestinal tract was made by Ley
and coauthors and involved analysis of 16S rDNA
sequences from fresh faeces of 59 species of non�
human mammals [31].

Despite profound interest in the function and ecol�
ogy of gut microbes, existing data on nitrogen�fixing
bacteria of wild herbivore mammals are very limited.

Pikas are referred as hindgut fermenters, using the
cecum for fermentation of food which is difficult to
degrade by symbiotic bacteria, and colon for mixing
the digested food by muscular contractions and
absorbing water and nutrients. Microbial fermentation
results mainly in production of volatile fatty acids,
which are then absorbed by blood [32]. Protein for
hindgut fermenters is synthesized by symbiotic micro�
flora, excreted in the form of enriched soft feces and
reingested.

Culture�independent analysis of the diazotrophic
microbial community of the cecum and colon of the
representatives of different Ochotona species provides
an insight into diversity of microbes responsible for
enriching the pika’s diet with protein. The nifH gene
fragment is a good tool for assessing the diversity of ni�
trogen�fixing organisms, since it is a conserved gene,
although variable enough to distinguish between the
species of host organisms [22]. Moreover, some re�
searchers have shown that the nifH sequences of spiro�
chaetes isolated from termites were very similar to the
sequences obtained by direct amplification [29]. This
fact makes it possible to suggest that at least some se�
quences derived by PCR analysis belong to genuine in�
habitants of the pika cecum and colon, which are still
waiting to be cultured.

The dendrogram we have constructed shows that
the NifH sequences obtained from pika guts fall into
two clusters. The Cluster I, comprising the sequences
distantly related to ‘conventional’ nitrogenase of aero�
bic organisms from various natural environments, is
mainly found in the colon, although some sequences
from this cluster come from the cecum. The colon is
known to contain large, fibrous food particles with low
nutrition value, which leave the animal’s intestine in
the form of solid feces. Cultivable representatives of
this cluster are aerobic organisms, mostly dwelling in
soils, plant rhizosphere, and phyllosphere. Bacteria of
the genus Bradyrhizobium, for instance, are known to
form symbiotic nodules with legumes, thus providing
these plants with fixed atmospheric nitrogen. Since pi�
kas were shown to feed on legumes [33], we assume
that Bradyrhizobium cells may get inside the animals
with the plant material. Both species of pika appear to
contain microorganisms of the Cluster I in their co�
lons, and these organisms are most likely to enter their
intestines with food, manage to escape digestion and
leave with feces.

Table 3. Bands, comprising operational taxonomic units

OTU name, 
(number of bands)

Bands 
from cecum*

Bands 
from colon*

OTU 1, (2 bands) 21  30

OTU 2, (3 bands) 22  26, 32

OTU 3, (3 bands) 23  27, 33

OTU 4, (1 band) No 29

OTU 5, (4 bands)  25, 83  37, 90

OTU 6, (5 bands) 47  52, 53, 54, 58

OTU 7, (1 band)  59 No

OTU 8, (1 band)  62 No

OTU 9, (4 bands)  49  55, 60, 65

OTU 10, (1 band) No  66

OTU 11, (6 bands)  51  57, 67, 68, 70, 71

OTU 12, (1 band) No  69

OTU 13, (5 bands)  50  56, 61, 73, 74

OTU 14, (3 bands)  75, 76, 77 No

OTU 15, (3 bands) 80  87, 92

OTU 16, (3 bands)  81  88, 93

OTU 17, (6 bands)  24, 82  28, 36, 89, 94

OTU 18, (1 band) No  91

* As in Fig. 1.
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The Cluster III on the dendrogram consists of mi�
crobes quite distantly related to the organisms found in
anaerobic environments and responsible for cellulose
digestion, like Treponema sp. Ru1, isolated from bo�
vine rumen [26] and most closely related to the cul�
tured Treponema zioleckii, a fructan�utilizing species
of the rumen treponemes [34]. This cluster also in�
cludes microorganisms detected in various termite
species and in a wood�eating cockroach, as well as a
representative of the genus Clostridium, Clostridium
cellulovorans 743B, an anaerobe producing an extra�
cellular enzyme complex able to degrade plant cell
walls. Clostridium species were also found to inhabit
the green iguana hindgut fermentation chamber [35].
These organisms come from the cecum and both parts
of the pika colon. The cecum is a part of the gut of
lagomorphs where fermentation takes place [30]; it is
much bigger in lagomorphs than that in other non�ru�
minant herbivores, or foregut fermenters. The large
cecum allows obtaining as much energy from nutri�
ent�poor food as possible. The organisms belonging to

this cluster are also found in both Ochotona hyperborea
and O. dauurica. We suggest that these organisms are
symbionts of pikas, dwelling in the fermenting part of
their digestive system and responsible for enriching the
low�nutrient food of these small lagomorphs with pro�
tein. Our data show that an organism from the colon of
a female O. dauurica pika clusters with the group of
anaerobic fermenting organisms. On the polyacryla�
mide gel, the band 47 representing this organism is
near the band 43 from the same pika’s cecum; this se�
quence fits into the same cluster. The male pika of the
same species or pikas of other species didn’t show any
signs of similar organisms in the cecum or in the colon.
The explanation for the presence of anaerobic fer�
menting organisms in the colon of both pika species is
that, probably, fermentation occurs in the colon as
well. Some authors suggest that the cecum is not the
only place for fermentation in small hindgut ferment�
ers, and that microbial fermentation also occurs in the
small intestine and colon [32]. Some organisms from
the cecum of both pika species were found in the clus�
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ter containing mainly aerobic free�living organisms.
These organisms probably originated from undigested
food particles, which usually travel from the cecum to
the colon in the cecum at the moment when the ani�
mals were sacrificed.

In order to see whether our suggestions were close
to reality, Northern pikas were captured in 2009 and
2010 during fieldwork in the same region, and the nifH
gene was amplified from same three parts of their in�
testines and resolved by DGGE. Northern pikas
caught in 2009 and 2010 appeared to have similar dia�
zotrophic inhabitants, grouping in both aerobic and
anaerobic clusters according to the general trend we
found for these animals. However, bands with the nifH
fragments belonging to the animals caught in 2009 had
slightly different location on the gel compared to those
of the animals caught in 2010, which means these or�
ganisms had different GC content and were not the
same ones. This fact can be possibly explained by the
differences in the diet of investigated animals. Daurian
pikas, both caught in 2010, showed almost identical
patterns on the gel, except for the presence of an or�
ganism from the colon of a female pika in the ferment�
ing anaerobic cluster, which allowed us to suggest that
the colon might also be a place for fermentation in pi�
kas (Fig. 1).

We also tried to find a relationship between the
composition of diazotrophic gut community and pika
species. Some researchers report that correlation ex�
ists between nifH gene phylogeny and termite taxo�
nomic grouping [28]. Moreover, other studies report
that overall bacterial community in the gut is signifi�
cantly conserved within each genus of termites exam�
ined thus far [36]. However, we didn’t find any signifi�
cant difference between the diazotrophic gut commu�
nities of Northern pika and Daurian pika. No clusters
or groups specific for any pika species have been de�
tected. While not many organisms from the Daurian
pika cecum could be found in the anaerobic cluster,
compared to the organisms of the Northern pika
cecum, more data are required to state that a group of
anaerobic nitrogen�fixing dwellers of the Northern pi�
ka’s cecum can be a species marker.

Results of the study expand our knowledge and
understanding of the process of symbiotic nitrogen fix�
ation in mammals, in small lagomorphs in particular.
For the first time nitrogen�fixing inhabitants of intes�
tines were studied in wild pikas. We have found that
diazotrophic organisms from pika’s intestines fall into
two clusters. The first cluster is represented by a group
of organisms related to aerobic bacteria inhabiting
natural environments. The second cluster consists of
the organisms, which may be symbiotic inhabitants of
these small mammals, responsible for the fermenta�
tion of low�nutrient food these mammals eat. Further
studies of nitrogen�fixing dwellers of lagomorph guts
should focus on assessing the scale of this process, as
well as on the understanding of the mechanisms of

symbiotic nitrogen fixation in non�ruminant herbi�
vores. Isolation and identification of pika gut sym�
bionts will be a great advance in gut microbiology and
a new step towards understanding host�microbe inter�
actions.
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